Addressing issues of waste water is one of the key challenges in the context of Nepal. Being in the highest rainfall area, storm water management is even more crucial in Pokhara. Storm water drains were designed and constructed in Pokhara about two decades ago. Total 50 kilometer long storm water drains have been built which covers the core city area of Pokhara. The design considerations were based on the then available references. Much has been changed since that time and the present data will give different drain cross sections. Further, the concept of discharging storm water in to water bodies without making any pollution need to be reviewed in terms of quality aspects. Review of quantitative as well as qualitative features of the storm water drains could enhance its function more effectively.
Introduction
Rapid urbanization has raised numerous issues in cities of Nepal. Infrastructure development could be key issue to be addressed in this context. With population growth, demand for housing and commercial amenities will also grow. Again, the urbanization adds up roads, rooftops, parking lots, sidewalks, and other imperviousness to the landscape. These lead to covering of excessive land surface, thereby preventing rain water to percolate into the ground. In such scenario, most developed areas rely on storm drains to carry large amounts of runoff from roofs and paved areas to nearby water bodies (Bajracharya, Rai and Rana, 2015) .
Pokhara is the largest metropolitan city in Nepal with 464.24 Square Kilometers area (http:// www.pokharamun.gov.np/) facing challenges in infrastructure development. With excessive increase in population, the burden on physical facilities including drainage is getting crucial day by day in Pokhara. Storm water drainage project was initiated in 1999/2000 A.D. at core areas of Pokhara through Pokhara Environment Improvement Project (PEIP). The Asian Development Bank (ADB) financially supported to the then Pokhara Sub-metropolitan City (PSM) through Tourism Infrastructure Development Program of Nepal. Detailed engineering design and construction of road side drains for storm water under Drainage Improvement Component was complete Volume 1 Issue 1 (Shrestha, 2000) . It has been 20 years since the construction of the drainage system. This article is mainly focused about issues regarding design of existing storm water drain and its quality management in Pokhara. The packages for storm water drainage construction in Pokhara were as follows. 
Study Area
Pokhara Metropolitan City (PMC) is a rapidly growing city with a population of 402, 995.
The metropolitan city has a population density of 891.6 per km² (www.pokharamun.gov.np, https://ne.wikipedia.org/wiki). The city stands at an elevation of approximately 827 to 1740 meters (https://www.citypopulation. de/php/nepal) almost in the central part of Gandaki Province of Nepal. Currently, Pokhara Metropolitan City is having a higher population growth (5.46%) rate and as a result, open spaces along with agricultural lands have been converted to built-up area. Such condition has promoted enough issues including rapid runoff. Though few initiations have been taken towards addressing this environmental concern, a lot has to be done. 
Materials and Methods
For study of previous data and information regarding the existing storm water management, available documents were analyzed. Seminar paper on storm water drainage, project study reports on waste water management in Pokhara along with concerned documents from the Pokhara Metropolitan City were also consulted. Similarly, information/data from related research articles as well as websites were also followed.
Result of above mentioned lab tests was considered as the reference for the design of storm drain in Pokhara (Chand et al., 2015) . 
Results and Discussions
Various parameters regarding the design and implementation of storm water drains as well as their qualitative aspects could be important while discussing about the existing management of storm water in Pokhara.
Design Aspects
The major basis during the design of storm water drains were a. Hydrological analysis, b. Intensity of rainfall, c. Time of concentration and d. Peak flow estimation. These key parameters of these parts might need to be analyzed in present condition. On the other hand, the return period of 2 years was considered for calculation of rainfall intensity. As per Ponce (2016) , its value shall be considered as 5 to 10 years for catchment area up to 100 hectares and 25 -50 years for catchment area greater than 100 hectares. In this case, most of the sections having catchment area greater than 100 hectares, the corresponding change in return period for calculation of rainfall intensity could be important to incorporate while designing the storm water drainage system.
Again, the intensity of rainfall considered while calculating the discharge of the storm water could be revised with due consideration of return period as well as time of concentration. While considering time of concentration as 5 minutes and return period of 50 years, the intensity of rainfall value could be obtained as 148.67 mm/ hr with following expression used in design (Pokhara Sub-metropolitan City, 2000). Regarding the coefficient of run-off for calculation of storm water discharge, the considered values while calculating the design discharge ranged from 0.1 -0.3. With increase in built up area as well as standard considerations from Nepal National Building Code, appropriate value shall range from 0.5 for general ground to 0.95 for hard paved surface (NBC 208: 2003) . Of course, such variation could be contributing for excessive flow of storm water discharge. Again, considering another storm water design guideline from IOWA, values of runoff coefficient could range from 0.25 to 0.8 for residential areas and 0.25 to 0.95 for streets (IOWA, 2009) .
Intensity of Rainfall (
While considering the velocity of flow, maximum velocity up to 5 m/s was considered in various sections of storm water drains. However, considerations of 0.75 m/s for self cleansing velocity as minimum as well as maximum value of 2.4 m/s have been prescribed in Nepal National Building Code (NBC 208, 2003) . Lowering the maximum velocity of storm water drain could play very important role for increasing the cross sectional area of the storm water drains. It showed that the corresponding sections designed with excessive velocity value were highly insufficient resulting in overflow (accumulation of storm water) on roads. Though the drain sections were considered fully sufficient during design (Shrestha, 2000) , the scenario of streets in Pokhara during monsoon clearly reveal the immediate need of this improper consideration to be rectified further.
Quality Aspects
It is quite essential to discuss about qualitative perspectives of storm water drains in Pokhara. Total thirty three outfalls were planned in the storm water drains including nine to Seti River, six to irrigation canals, three to Fewa Lake and remaining outfalls were to the adjoining streams.
During the design as well as implementation of the drain, sewerage connection was strictly Volume 1 Issue 1 prohibited. Also, the public comments during design and construction of the drains included the concerns in quality of existing water bodies. Their major view was possible conversion of storm water drains into the sewer lines along with pollution of water in Fewa Lake along with the Seti River as well (Shrestha, 2000) . During the laboratory testing of major waste water parameters at twelve sections of existing storm water drains, unsatisfactory result was obtained. While comparing such test result of storm water with standard values as an effluent of waste water (Pudasaini, 2008) , the major parameters fell out of range indicating significant pollution by the storm water. Figure 4 : Microbiological Test Report of Waste Water Samples (Source: Chand et al., 2015) The physicochemical parameters of storm water samples including dissolved oxygen, pH values were recorded exceeding the standard limits. Similarly, the average BOD value was also observed excessively higher than the limiting value of the effluent mentioned for disposal. Regarding the microbiological examination, almost all waste water samples were recorded showing presence of the coliform bacteria.
Again, the microbiological test report also revealed the significant concentration of Escherichia coli (E-coli) at various outfall points of storm water drains as mentioned in graph above. Obviously, this scenario expressed the mixing of other waste water in the storm water threatening the quality of river, lake as well as streams resembling with concerns of public during design/implementation phase. Of course, the storm water drains could be considered to function as sewer lines based upon the results of quality assessment mentioned above.
Conclusion
Existing storm water drains in Pokhara were designed on the basis of available hydrological data of two decades. Again, another important parameter, run off coefficient as well as the permissible velocity were also considered based upon available references. In present scenario, the consideration of National Building Code along with recent hydrological data as well as highly changed land use pattern could severely influence excessive storm water discharge demanding changed dimensions of the storm water drains. The quality aspect of the effluent from the drains also critically questioned the revision of concept of storm water disposal into the water bodies including the river and lake. Again, the storm water drainage system shall be promptly reviewed with concept of sewerage system for domestic and other concerned waste water. In spite of deteriorating quality of water bodies, the managing proper infrastructure for the storm water as well as the other waste water could enhance the aesthetic beauty and quality of life in this touristic Pokhara valley including the metropolitan area. Yet, another opportunity of using storm water for recharge and reuse after recycling the same is still open.
Limitations
The analysis was based upon existing storm water drain area in Pokhara which did not cover present wards of the metropolitan city. The laboratory test results were based upon samples from storm water drains at different periods of times with specific numbers. Again, selected parameters were only considered during qualitative examination. Also, the design report as well as selected references was consulted for reviewing the quantitative and qualitative aspects of existing storm water drains.
